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regulatory	process	 for	cultivation	of	genetically	modified	 (GM)	maize	 in	Mexico.	Two	
sets	of	field	trials,	Experimental	Phase	and	Pilot	Phase,	were	conducted	to	identify	any	
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1  | INTRODUC TION













growing	demand	 from	an	 increasing	population	have	 resulted	 in	 a	
need	 to	complement	 local	maize	production	with	 imports.	Mexico	
imports	 about	 10	million	metric	 tons	 of	maize	 primarily	 from	 the	
United	States	each	year	(Turrent	et	al.,	2012).	The	deficit	in	Mexico’s	
maize	production	has	led	to	the	need	to	adopt	modern	agricultural	
technologies,	 including	 biotechnology,	 as	 a	 means	 of	 overcoming	
some	of	the	above-	mentioned	production	challenges	and	ultimately	
increasing	yields	(Vargas-	Parada,	2014).
Monsanto	 Company	 has	 developed	 the	 combined	 trait	
maize	 products,	 MON-	89Ø34-	3	×	MON-	88Ø17-	3	 and	 MON-	
89Ø34-	3	×	MON-	ØØ6Ø3-	6	 by	 traditional	 breeding	 of	 GM	 pa-
rental	 inbred	 lines	 derived	 from	 maize	 transformation	 events:	



















Romeis	 et	al.,	 2008;	 U.S.	 Environmental	 Protection	 Agency,	 2007;	
Wolt	 et	al.,	 2010).	 In	 the	 case	 of	 insecticidal	 proteins	 (Cry1A.105,	
Cry2Ab2,	 and	 Cry3Bb1)	 expressed	 in	 MON-	89Ø34-	3	×	MON-	




have	 revealed	 that	 insect-	protected	 and	 herbicide-	tolerant	 traits	
either	 single	 event	 or	 in	 stacked	 product	 do	 not	 adversely	 affect	
biodiversity,	 populations	 of	 natural	 enemies	 and	 other	 ecologically	
important	NTAs	(Ahmad	et	al.,	2016;	Al-	Deeb	&	Wilde,	2003;	Devos,	
De	Schrijver,	De	Clercq,	Kiss,	&	Romeis,	 2012;	 Li	&	Romeis,	 2009,	












strate	 the	utility	of	generating	 relevant	data	 that	are	 transportable	
across	geographic	regions	for	the	ERA	of	GM	crops.	Leveraging	exist-
ing,	relevant	ERA	data	of	GM	crops	across	countries	will	facilitate	the	







characteristic	 ecosystems	 (CONABIO	 (Comisión	 Nacional	 para	 el	
Conocimiento	y	Uso	de	la	Biodiversidad),	2009;	INEGI-	CONABIO-	INE	
(Instituto	Nacional	de	Estadística,	Geografía	e	Informática–Comisión	





typically	 implemented	 in	 areas	 devoted	 to	 agricultural	 production.	
These	 agricultural	 areas	 have	 relatively	 homogeneous	 character-
istics	 (e.g.,	 climate,	 soils,	 water	 availability,	 infrastructure)	 and	 are	
contained	within	the	larger,	usually	more	heterogeneous,	ecoregions.	
Prior	to	cultivation	of	a	GM	crop	in	Mexico,	 local	field	trials	are	re-
quired	 to	assess	 the	potential	 adverse	effects	of	 the	GM	crops	on	
its	 receiving	environment,	 relative	 to	a	non-	GM	control.	The	 focus	
of	 these	trials	 is	 to	examine	whether	 the	GM	crop	has	potential	 to	
K E Y W O R D S
Bacillus thuringiensis,	data	transportability,	environmental	risk	assessment,	genetically	
modified	crop,	non-target	arthropods
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become	a	plant	pest	(i.e.,	weediness	characteristics)	or	to	have	other	
adverse	 environmental	 impacts	 (e.g.,	 effects	 on	 non-	target	 organ-
isms).	Requirements	include	a	stepwise	field	evaluation	of	GM	crops	
at	multiple	 sites	 in	 each	ecoregion,	 starting	with	 small	 plots	 at	 the	
experimental	phase	followed	by	larger	plots	at	the	pilot	phase	prior	
to	 commercial	 plantings.	 Local	 field	 evaluations	 on	 non-	target	 ar-




effect	 of	maize	 breeding	 stacks	 (MON-	89Ø34-	3	×	MON-	88Ø17-	3	
and	 MON-	89Ø34-	3	×	MON-	ØØ6Ø3-	6)	 and	 single	 event	 (MON-	
ØØ6Ø3-	6)	on	 the	 abundance	of	NTAs	 relative	 to	 its	 conventional	
control	 in	 maize	 production	 areas	 located	 within	 four	 ecoregions	
in	Northern	Mexico.	We	also	sought	to	determine	the	similarity	of	
taxa	 across	 ecoregions	 to	 evaluate	 whether	 the	 concept	 of	 data	
transportability,	where	results	on	NTA	data	can	be	leveraged	across	
ecoregions	to	support	ERA,	is	applicable.
2  | MATERIAL S AND METHODS
2.1 | Site description





level	 IV	 as	 defined	 by	 the	 National	 Commission	 for	 Biodiversity	
(CONABIO	 (Comisión	 Nacional	 para	 el	 Conocimiento	 y	 Uso	 de	 la	
Biodiversidad),	 2009;	 INEGI-	CONABIO-	INE	 (Instituto	 Nacional	
de	 Estadística,	 Geografía	 e	 Informática–Comisión	 Nacional	 para	
el	 Conocimiento	 y	 Uso	 de	 la	 Biodiversidad–Instituto	 Nacional	 de	
Ecología),	 2008).	 The	 four	 ecoregions	 where	 trials	 were	 planted	
included	 the	 following:	 9.5.1.2	 Tamaulipas	 coastal	 plain	with	 xeric	
shrubland	 or	 apparent	 barren	 land;	 10.2.2.8	 Floodplain	 of	 Yaqui,	
Mayo	 and	 Fuerte	 rivers	 with	 xerophytic	 scrubland	 and	 mesquite;	
10.2.4.1	Central	 plains	 of	Chihuahuan	Desert	with	 xerophytic	mi-
crophyllous	halophytic	shrubland;	14.3.1.2	Sinaloa	coastal	plain	with	
low	thorn	forest	(Figure	1;	INEGI-	CONABIO-	INE	(Instituto	Nacional	
de	 Estadística,	 Geografía	 e	 Informática–Comisión	 Nacional	 para	
el	 Conocimiento	 y	 Uso	 de	 la	 Biodiversidad–Instituto	 Nacional	 de	
Ecología),	2008;	INEGI	2012).
2.2 | Test and control material
The	test	materials	were	GM	maize	hybrids	MON-	89Ø34-	3	×	MON-	





























ing	 rate	of	 5	 to	10	 seeds	per	metre	 and	 seed	planting	depth	of	2	





Crop	 management	 practices	 included	 seedbed	 soil	 preparation,	
fertilization,	 irrigation,	 and	 insect	 and	weed	 control	 as	 per	 regional	





al’s	phenotype,	 that	 is,	 the	 insect-	protected	and	glyphosate-	tolerant	
hybrids	 MON-	89Ø34-	3	 ×	 MON-	88Ø17-	3	 and	 MON-	89Ø34-	3	 ×	
MON-	ØØ6Ø3-	6	GM	did	not	require	conventional	insecticide	applica-
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2.4 | Experimental design and data collection
Genetically	 modified	 maize	 hybrids	 MON-	89Ø34-	3	×	MON-	
88Ø17-	3,	 MON-	89Ø34-	3	×	MON-	ØØ6Ø3-	6,	 and	 MON-	
ØØ6Ø3-	6	 and	 a	 corresponding	 conventional	 isohybrid	 control	
were	 planted	 in	 each	 of	 32	 studies	 (18	 Experimental	 Phase,	 14	
Pilot	 Phase)	 in	 a	 randomized	 complete	 block	 design	 (RCBD)	with	
three	 to	 four	 replications	 and	 up	 to	 four	 locations	 per	 ecoregion	
per	 year	 (Table	1).	 Individual	 plot	 sizes	 ranged	 from	 100.0	m2	 to	
384.0 m2	 (Experimental	 Phase)	 and	 398.7	m2	 to	 4128	m2	 (Pilot	
Phase)	(Table	1).	In	all	cases,	NTA	data	were	collected	from	the	cen-
tral	 area	 of	 each	 plot.	 NTA	 abundance	was	 assessed	 on	 all	 plots	
from	collections	performed	at	different	times	at	each	site	using	yel-
low	 sticky	 traps	 (Pherocon	AM,	 no-	bait	 sticky	 traps;	Great	 Lakes	
Integrated	 Pest	Management,	Vestaburg,	MI),	 pitfall	 traps	 and/or	
visual	counts	(Table	1).	NTA	abundance	was	assessed	from	collec-
tions	 performed	 from	 two	 up	 to	 eight	 times	 using	 yellow	 sticky	
traps	 and	pitfall	 traps	 and	one	up	 to	 three	 times	based	on	visual	
counts	during	 the	growing	 season	at	 each	 site.	The	yellow	 sticky	











each	plot.	Twenty-	four	 to	 forty-	eight	hours	 later,	 the	pitfall	 traps	
were	 collected	 and	 taken	 to	 the	 laboratory	 for	 identification	 and	
enumeration.	Visual	 counts	 for	 arthropod	 abundance	were	made	
by	examining	the	stalk,	leaf	blade,	leaf	collar,	ear	tip,	silk	and	tassel	
of	 each	 plant	 (ten	 random	 plants/plot).	Visual	 observations	were	
conducted	 during	 the	 growing	 season	 at	 approximately	 V18-	VT,	
R1	and	R2	growth	stages	of	development.	NTA	abundance	was	as-




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     |  533CORRALES MADRID Et AL.
2.5 | Statistical analysis


























all mean; Ri=fixed	 region	 effect;	 Sj(i)=random	 site	 effect	 within	
region;	Bk(ij)	 =random	 replicate	 effect	 within	 each	 site;	Ml=fixed	
GM	 treatment	 effect;	 (RM)il=fixed	 interaction	 effect	 of	 region	
and	 GM	 treatment;	 Cm(ij)=random	 collection	 time	 effect	 within	
each	site;	(SM)jl(i)=random	interaction	effect	of	GM	treatment	and	
site;	 (MC)lm(ij)=random	 interaction	 effect	 of	 GM	 treatment	 and	
collection	 time;	 and	 eijklm=random	 residual	 effect.	 A	 square	 root	
transformation	was	applied	to	the	count	data	prior	to	analysis	to	
achieve	 approximate	 normality	 and	 variance	 homogeneity.	 The	
transformed	data	were	analysed	with	a	mixed	 linear	model.	SAS	
















in	model	 (1).	 Let	 x1 and x2	 represent	 the	observed	 insect	 count,	
and μx1 and μx2	represent	the	expected	mean	counts	for	the	con-
trol	and	the	test	lines,	respectively.	Then	detectable	difference	(dx)	
relative	 to	 the	control	 implies	dx=μx1−μx2=0.5μx1	when	μx1 > μx2 
or dx	=	−0.5μx1	when	μx1 < μx2.	If	y	is	the	square	root	of	x,	the	cor-
















and	 non-	GM	 hybrids	 was	 similar	 across	 regions.	 The	 “regional”	
differences	 were	 influenced	 by	 differences	 in	 categorization	 of	





of	 herbivores,	 predators	 and	 parasitoids	 in	maize	 fields	 (Table	2	
and	Table	S3).
Across	all	 ecoregions,	 twenty	 invertebrate	 taxa	 (comprising	11	
taxonomic	 orders	 and	 17	 families)	 were	 relevant	 and	 sufficiently	
abundant	 to	 evaluate	 the	 effects	 of	GM	maize	on	NTAs	 (Table	2).	
The	 ground-	dwelling	 NTAs	 collected	 in	 pitfall	 traps	 primarily	 be-
longed	to	seven	different	taxa:	soil	mites	(Acari),	spiders	(Araneae),	
predatory	 ground	 beetles	 (Coleoptera:	 Carabidae),	 rove	 beetles	
(Coleoptera:	 Staphylinidae),	 springtails	 (Collembola),	 predatory	
earwigs	 (Dermaptera:	 Forficulidae)	 and	 field	 crickets	 (Orthoptera:	
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visual	counts	primarily	belonged	to	13	different	taxa:	ladybird	bee-
tles	 (Coleoptera:	 Coccinellidae);	 corn	 flea	 beetles,	 Chaetocnema 
spp.	 (Coleoptera:	 Chrysomelidae);	 rootworm	 beetles,	 Diabrotica 
spp.	 (Coleoptera:	 Chrysomelidae);	 cornsilk	 flies,	 Euxesta	 spp.	
(Diptera:	Otitidae);	 syrphid	 flies	 (Diptera:	 Syrphidae);	 tachinid	 flies	




Chrysopidae);	 thrips	 (Thysanoptera:	 Thripidae).	 Additionally,	 these	
taxa	were	widely	 distributed	 across	 the	 ecoregions,	with	majority	











parisons	 (Table	2).	Of	 the	 20	 taxa	 individually	 analysed,	 a	 total	 of	
five	significant	differences	were	detected	with	only	four	taxa,	con-
sisting	of	two	pest	arthropods	(Chaetocnema	spp. and Euxesta	spp.)	




Fewer	 Carabidae	 were	 observed	 for	 MON-	89Ø34-	3	×	MON-	
88Ø17-	3	compared	with	the	control	(F1,27.2	=	6.18,	p	=	.0193).	Fewer	
parasitic	 wasps	 were	 also	 detected	 for	 MON-	89Ø34-	3	×	MON-	
88Ø17-	3	 and	 MON-	89Ø34-	3	×	MON-	ØØ6Ø3-	6	 compared	 with	




mercialization	 to	 assess	 for	 potential	 ecological	 impact	 of	 the	 in-
troduced	trait(s)	with	the	purpose	of	demonstrating	the	GM	crop	is	
‘‘as-	safe-	as”	non-	GM	comparators.	To	date,	 across	 commercialized	










Assessment	 of	 MON-	89Ø34-	3	×	MON-	88Ø17-	3,	 MON-	






and	 assessed	 non-	target	 arthropods	 that	 were	 ecologically	 rele-
vant,	sufficiently	abundant	to	detect	differences	and	with	poten-
tial	 for	direct	and/or	 indirect	exposure	 to	 the	GM	traits	 (Prasifka	
et	al.,	 2008;	 Rauschen,	 Schaarmschmidt,	 &	 Gathmann,	 2010;	












creased	susceptibility	 (adverse	environmental	 impact)	of	 this	GM	
crop	 to	 these	pests.	Similar	 reductions	 in	Chaetocnema	 spp.	have	
been	observed	in	Cry3Bb1	maize,	MON-	ØØ863-	5	and	for	Euxesta 
spp.	in	MON-	89Ø34-	3	maize	containing	Cry1A.105	and	Cry2Ab2	
and	 were	 probably	 an	 indirect	 response,	 with	Chaetocnema	 spp. 
and Euxesta	 spp.	 being	 attracted	 to	 the	 conventional	 control	
plots	 with	 a	measurable	 feeding	 damage	 caused	 by	 target	 pests	
(Bhatti	 et	al.,	 2005b;	 Goyal	 et	al.,	 2012).	 Among	 the	 beneficial	
arthropods,	 the	 observed	 reduction	 in	 abundance	 of	 Carabidae	
in	 MON-	89Ø34-	3	×	MON-	88Ø17-	3	 may	 have	 resulted	 from	 de-
crease	 in	prey	availability	due	 to	efficient	control	of	 target	pests	





89Ø34-	3	×	MON-	88Ø17-	3	on	 various	 species	 of	Carabid	beetles	
(Duan	 et	al.,	 2006;	 Priesnitz,	 Benker,	 &	 Schaarschmidt,	 2013).	
Given	 the	 host-	specific	 nature	 of	 parasitoids,	 the	 lower	 abun-
dance	 in	 the	GM	hybrids	was	most	 likely	due	 to	 the	 reduction	 in	
their	lepidopteran	prey	(Liu	et	al.,	2015).	Similar	prey-	mediated	ef-
fects	 on	 parasitoids	 have	 been	 reported	 by	 other	 studies	where	
these	 results	 were	 actually	 because	 of	 nutritionally	 poorer	 prey	
rather	than	any	direct	 toxic	effect	of	 the	Bt	proteins	 (Chen	et	al.,	
2008;	 Walker,	 Cameron,	 MacDonald,	 Madhusudhan,	 &	 Wallace,	
2007;	 Wolfenbarger	 et	al.,	 2008).	 These	 few	 statistical	 differ-
ences	 in	NTA	abundance,	 such	 as	might	 occur	 from	a	 subtle	 and	
unforeseen	 interaction,	 are	 unlikely	 to	 have	 adverse	 implications	
for	 environmental	 safety.	 Thus,	 the	 results	 support	 the	 conclu-
sion	of	no	adverse	effects	on	NTA	communities	from	deployment	
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of	 MON-	89Ø34-	3	×	MON-	88Ø17-	3,	 MON-	89Ø34-	3	×		 MON-	
ØØ6Ø3-	6	and	MON-	ØØ6Ø3-	6	for	cultivation.
Our	 results	 agree	 with	 prior	 published	 literature	 that	 demon-
strate	 the	 absence	 of	 adverse	 effects	 on	 NTA	 independently	 for	
Cry1A.105	+	Cry2Ab2	 (Hendriksma,	 Härtel,	 &	 Steffan-	Dewenter,	
2011;	 Rosca	 &	 Cagan,	 2013;	 Schuppener,	 Mühlhause,	 Müller,	 &	
Rauschen,	2012;	Whitehouse	et	al.,	2005),	Cry3Bb1	(Ahmad,	Wilde,	
Whitworth,	 &	 Zolnerowich,	 2006;	 Ahmad,	 Wilde,	 &	 Zhu,	 2005;	
Al-	Deeb	&	Wilde,	2003;	Bhatti	et	al.,	2005a,b;	Comas	et	al.,	2014;	





through	 conventional	 breeding	 (Comas	 et	al.,	 2014;	 Devos	 et	al.,	
















and	 conventional	 counterparts	 are	 consistent	 across	 geographies,	
including	those	differing	in	climate	and	production	practices.	Using	




(CLI),	 2016;	Wolt	 et	al.,	 2010),	 in	which	 testing	 is	 limited	 to	 those	





mental	 impact,	 data	 are	 transportable	 regardless	of	differences	 in	
climate	or	production	practices.	The	need	to	consider	the	similarity	




In	 this	 study,	 a	 comparison	of	 the	 arthropod	 taxa	 across	 ecore-
gions	revealed	that	the	most	relevant	and	abundant	taxa	were	similar	








transportable	 for	use	 in	 risk	assessment	between	 these	ecoregions,	

















of	 non-	target	 arthropods	was	not	 adversely	 affected	by	 the	 single	
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